1. Introduction
===============

Gastric cancer is the fifth most common malignancy worldwide and the leading cause of cancer mortality in Eastern Asia.^\[[@R1]\]^ Currently, therapeutic strategies range from endoscopic mucosal resection to neoadjuvant chemotherapy due to preoperative staging, making accurate preoperative staging a necessity.^\[[@R2],[@R3]\]^

Diffusion-weighted imaging (DWI) is a fundamental sequence frequently performed by the single-shot echo-planar imaging (EPI) technique, and it assesses aspects of the tissue microenvironment, such as cell membrane integrity, water mobility, and tissue cellularity.^\[[@R4]--[@R6]\]^ Gastric cancer presents with a higher cell density and restriction of water diffusion, resulting in a lower apparent diffusion coefficient (ADC) value than that of normal gastric tissue.^\[[@R4],[@R7]\]^ Some studies have shown that the ADC can be an independent prognostic factor in gastric cancer patients and is relevant to various histopathologic features, such as the histologic grade and subtype and Ki67 cell proliferation index.^\[[@R7]--[@R9]\]^ However, in patients with gastric cancer, DWI scans are not routinely performed.^\[[@R4]\]^ The imaging quality of conventional full field-of-view (fFOV) DWI may be affected by obvious anatomic distortion, low spatial resolution, and susceptibility artifacts because of B~0~-field inhomogeneities, very short acquisition times, and eddy currents.^\[[@R6],[@R10]\]^ Gas and gastric movement may exacerbate such artifacts leading to image distortion and ghosting.^\[[@R6]\]^ Thus, high-resolution DWI scans of the gastric region may be needed to some extent, and may also be valuable in identifying gastric cancers.

Recently, an attractive technical advancement in EPI acquisition named reduced field-of-view (rFOV) DWI has been introduced.^\[[@R11]\]^ The rFOV-DWI technique uses a 2D spatially selective excitation pulse to excite a limited FOV along the phase-encoding direction by reducing the number of required k-space lines.^\[[@R12],[@R13]\]^ This technique enables shorter readout times to reduce distortion artifacts and images with a higher resolution.^\[[@R14]\]^ This technique has achieved high-resolution images of the spinal cord, prostate, breast, heart, kidney, pancreas, thyroid gland, optic nerve, rectal, uterus, head, and neck.^\[[@R6],[@R12],[@R15]--[@R23]\]^ However, to the best of our knowledge, the application of rFOV-DWI in the gastric region has not been reported thus far. Therefore, this retrospective and preliminary study aimed to compare image qualities and ADC values of gastric cancers between rFOV-DWI and fFOV-DWI 3.0T magnetic resonance (MR) scans.

2. Methods
==========

2.1. Patients
-------------

This retrospective study was approved by our medical ethics committee, and the requirement for obtaining informed consent from all patients was waived. Fifty-three consecutive patients who underwent 3.0 Tesla MR imaging scans for gastric cancer between December 2017 and July 2018 were retrospectively analyzed. The inclusion criteria for the patients were as follows:

1.  diagnosis of gastric cancer confirmed by surgery resection or endoscopy guided biopsy;

2.  lesions with locations confirmed by gastroscopy before an MRI examination was performed; and

3.  both fFOV-DWI and rFOV-DWI results.

2.2. MR image acquisition
-------------------------

All MR images were acquired using a 3.0-T system (Discovery MR750; GE Healthcare, Waukesha, WI) with a 32-channel torso-array coil in the supine position. All patients were asked to fast from solid food 4 to 6 hours before the examination. Gastric cavity distension was acquired by oral administration of 800 mL to 1000 mL of water within 5 minutes before the MR imaging scan. The patients were instructed on how to breathe appropriately before the examination. Unless contraindicated, 40 mg of NO-SPA was injected intramuscularly (drotaverine hydrochloride injection; Csanyikvolgy, Hungary) to prevent gastrointestinal motility 15 minutes before image acquisition.

The routine MR sequence included axial Lava Flex T1-weighted images (T1WI) and fat-saturated T2-weighted images (T2WI), conventional fFOV-DWI and rFOV-DWI, and dynamic axial contrast-enhanced T1WI, coronal Lava Flex T1-weighted images (T1WI).

The imaging parameters for the 3D T1WI were as follows: a repetition time/echo time (TR/TE) of 3.8/1.7 ms, standard field-of-view of 380 mm, slice thickness of 4 mm without any slice spacing, and matrix size of 320 × 224. The fat-saturated T2WI were performed using PROPELLER technology with respiratory triggering, a repetition time/echo time (TR/TE) of 12,000/93 ms, a field-of-view of 360 mm, a slice thickness of 5 mm, a slice spacing size of 1.0 mm, and a matrix size of 320 × 320. For the contrast-enhanced T1WI (Omniscan, 0.1 mmol/kg body weight; GE Healthcare), the arterial phase, portal venous phase, equilibrium phase and delayed phase images (18--19, 40--50, 90 and 180--300 seconds after the injection, respectively) were collected separately under dynamic breath-hold T1WI acquisitions.

Conventional fFOV-DWI scans were performed using respiratory-triggered single-shot EPI techniques with fat suppression in the axial plane. Two *b* values (0 and 800 seconds/mm^2^) were included. The scanning parameters were as follows: TR/TE, 6000 ms/75 ms; slice thickness, 5 mm; slice spacing, 1 mm; flip angle, 90°; FOV, 360 mm × 360 mm; matrix size, 128 × 160; NEX, 12; bandwidth, 250 kHz; respiratory rate, updated to real time (approximately 18) and acquisition time, 1 minute, 24 seconds. The in-plane spatial resolution was 2.81 × 2.25 mm^2^.

Since the small FOV could not completely cover the entire stomach, we divided the stomach into three regions according to the location of the lesion. Additionally, the lesion was always in the center of the rFOV-DWI scan, and the long axis of the lesion was parallel with the long axis of the small FOV in the scan. The rFOV-DWI scans were performed with *b* values of 0 and 800 seconds/mm^2^. A 2D spatially selective radiofrequency pulse and 180° refocusing pulse were used to reduce the FOV in the phase-encoded direction with fat suppression. The scanning parameters were as follows: TR/TE, 6000 ms/75 ms; slice thickness, 5 mm; slice spacing, 0 mm; flip angle, 90°; FOV, 180 mm × 90 mm; matrix size, 128 × 64; NEX, 10; bandwidth, 250 kHz; respiratory rate, updated to real time (approximately 18) and acquisition time, 3 minutes, 33 seconds. The in-plane spatial resolution was 1.40 × 1.40 mm^2^ (Table [1](#T1){ref-type="table"}).

###### 

Imaging parameters for reduced field of view (rFOV) diffusion weighted imaging (DWI) and full field of view (fFOV) DWI.
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3. Image analysis
=================

3.1. Qualitative image analysis
-------------------------------

The qualitative assessments were performed independently by 2 board-certified abdominal radiologists (with 15 and 30 years of experience) at a standard PACS (iSite, Philips Healthcare). Two observers subjectively evaluated image quality for both the fFOV-DWI and the rFOV-DWI sequences regarding the anatomic details (the ability to identify the gastric anatomic details), distortion (degree of image distortion), lesion conspicuity (visibility of lesions), artifacts (respiratory motion artifacts and magnetic susceptibility artifacts, as well as other artifacts such as noise, blurring and signal drop), and overall image quality, while using the T2-weighted images as a reference. To minimize recognition bias, the patients were randomly divided into 2 groups (1 and 2). First, the observers either assessed both the rFOV-DWI results and T2WI in group 1 or assessed both the fFOV-DWI results and T2WI in group 2. In addition, the order of the patients was randomized within the 2 groups. Second, the same assessment was implemented after the groups were switched. Moreover, these 2 parts of the assessment occurred at least 2 weeks apart to minimize recall bias.

The 5-point quality scales using a Likert scale that were used for evaluating image quality were as follows:

1.  anatomic detail: 1 = very poor, poorly visualized anatomy and nondiagnostic; 2 = poor, gastric contour and margin blurred; 3 = inconclusive, fairly delineated stomach with margin blurring; 4 = good, good delineation of stomach with a sharp margin; 5 = excellent, excellent sharpness of the stomach;

2.  distortion: 1 = very poor; 2 = severe; 3 = moderate; 4 = slight; 5 = no distortion;

3.  lesion conspicuity: 1 = not recognizable; 2 = slight signal difference; 3 = moderate signal difference; 4 = distinct signal difference; 5 = distinct signal difference with a clear lesion margin;

4.  artifacts: 1 = very poor; 2 = severe; 3 = moderate; 4 = mild; 5 = absent;

5.  overall image quality: 1 = very poor; 2 = poor; 3 = inconclusive; 4 = good; 5 = excellent.

For each DWI sequence, the *b* = 0 seconds/mm^2^ images were reviewed and evaluated first, followed by the b = 800 seconds/mm^2^ images.

3.2. Quantitative image analysis
--------------------------------

The ADC values were calculated by drawing regions of interest (ROIs) on the ADC maps on a workstation (aw4.6; GE Healthcare) and were measured quantitatively by one radiologist (with 7 years of experience in abdominal radiology). The ROIs was drawn to cover as much of the tumor tissue as possible in the maximum dimension of the tumor. Meanwhile, T2WI were used to identify regions of necrosis, vessels, and gastric fluid, which need to be avoided to minimize bias. The ADC values were acquired twice in the same position, and the average value was recorded.

3.3. Statistical analysis
-------------------------

The readers' qualitative image analysis scores were compared by the Wilcoxon signed ranks test between rFOV-DWI and fFOV-DWI. In addition, the three locations of the stomach (esophagogastric junction, gastric corpus, and gastric antrum) were analyzed separately. The gastric corpus is in the middle of the stomach along the curvature. Interobserver agreement for the qualitative evaluations was assessed using kappa statistics. A kappa value of less than 0.20 shows poor agreement, a value of 0.21 to 0.40 shows fair agreement, a value of 0.41 to 0.60 shows moderate agreement, a value of 0.61 to 0.80 shows good agreement, and a value greater than 0.81 shows excellent agreement. Mean ADC values of gastric cancer were compared between the two DWI sequences using the paired samples *t* tests. All tests were two-sided, and *P* values \<.05 were considered statistically significant. All statistical analyses were performed with SPSS V.23.0 (SPSS Inc., an IBM company, Chicago, IL).

4. Results
==========

Fifty-three patients with 60 lesions were enrolled in our research, including 37 males and 16 females (mean age, 63.3 ± 10.3 years, range, 44--84 years). In total, 21 lesions were diagnosed as esophagogastric junction cancers, 22 lesions were diagnosed as gastric corpus cancers, and 17 lesions were diagnosed as gastric antrum cancers by surgery or endoscopy guided biopsy.

There were 53 lesions (53/60, 88.3%) detected by rFOV-DWI, and the tumor size was 4.29 ± 1.97 cm; 49 lesions (49/60, 81.7%) were detected by fFOV-DWI, and the tumor size was 4.33 ± 2.05 cm. However, the tumor size was not different between these 2 groups (*P* \> .05).

4.1. Qualitative analysis
-------------------------

Table [2](#T2){ref-type="table"} shows the rFOV-DWI and fFOV-DWI scores from the qualitative analysis. For both observers, rFOV-DWI attained significantly better scores in terms of anatomic details, distortion, lesion conspicuity, artifacts and overall image quality at both *b* = 0 seconds/mm^2^ and *b* = 800 seconds/mm^2^ than did fFOV-DWI (*P* \< .05), but no significant differences were observed for anatomic details at *b* = 0 s/mm^2^ with both observers (*P* = .077, .159). Furthermore, the means of the scores from the 2 observers were calculated, and significant differences in image quality (anatomic details, distortion, lesion conspicuity, artifacts, and overall image quality) at both *b* values between rFOV-DWI and fFOV-DWI (*P* \< .05) were found.

###### 

Comparison of qualitative analysis scores between reduced field of view (rFOV) diffusion weighted imaging (DWI) and full field of view (fFOV) DWI of gastric carcinoma.
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For the esophagogastric junction cancers, as Table [3](#T3){ref-type="table"} shows, the rFOV-DWI yielded significantly better scores in distortion and overall image quality at *b* = 0 seconds/mm^2^ (*P* \< .05), and in anatomic detail, distortion, lesion conspicuity, artifacts and overall image quality at *b* = 800 seconds/mm^2^ (*P* \< .05). No significant differences were found in anatomic detail, lesion conspicuity or artifacts at *b* = 0 seconds/mm^2^ (*P* = .422, .132, .142, respectively), but the average rFOV-DWI scores were higher than the that of fFOV-DWI scores (Fig. [1](#F1){ref-type="fig"}).

###### 

Comparison of qualitative analysis scores between reduced field of view (rFOV) diffusion weighted imaging (DWI) and full field of view (fFOV) DWI of 3 parts of gastric cancer.
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![A 67-year-old man was diagnosed with esophagogastric junction cancer (middle-low differentiated adenocarcinoma). (A) The reduced field-of-view diffusion-weighted image (rFOV-DWI) (*b* = 800 seconds/mm^2^) shows the thickening of the stomach wall at the esophagogastric junction (white arrowhead) with a clear edge, less distortion, and better overall image quality than the full field-of-view diffusion-weighted image (fFOV-DWI), which is shown in (B). Additionally, there is a small metastatic lymph node in picture A, but it is almost invisible in picture B (white arrow), indicating that rFOV-DWI has better lesion conspicuity than fFOV-DWI.](medi-99-e18616-g004){#F1}

For the gastric corpus cancers, as shown in Table [3](#T3){ref-type="table"}, the mean rFOV-DWI score was higher than the fFOV-DWI score in the 5 aspects of image quality, except for overall image quality at *b* = 0 seconds/mm^2^, which was equal between 2 sequences. However, there were no obvious differences between rFOV-DWI and fFOV-DWI in these 5 aspects (*P* \> .05), except in anatomic detail and artifacts at *b* = 0 seconds/mm^2^ (*P* \< .05) (Fig. [2](#F2){ref-type="fig"}).

![A 57-year-old man was diagnosed with gastric corpus cancer (middle-low differentiated adenocarcinoma). (A) The reduced field-of-view diffusion-weighted image (rFOV-DWI) (*b* = 800 seconds/mm^2^) shows the irregular thickening of the stomach wall at the gastric corpus (white arrow) with a significantly clearer edge, less distortion, better lesion conspicuity and better overall image quality than full field-of-view diffusion-weighted image (fFOV-DWI), which is shown in (B).](medi-99-e18616-g005){#F2}

For the gastric antrum cancers, as shown in Table [3](#T3){ref-type="table"}, the average rFOV-DWI scores were found to be superior to the fFOV-DWI scores in the 5 aspects of image quality. In addition, no significant difference was detected between rFOV-DWI and fFOV-DWI in these 5 aspects (*P* \> .05), except in distortion and lesion conspicuity at *b* = 0 seconds/mm^2^ (*P* \< .05) (Fig. [3](#F3){ref-type="fig"}).

![A 73-year-old woman was diagnosed with gastric antrum cancer (low differentiated adenocarcinoma). (A) The reduced field-of-view diffusion-weighted image (rFOV-DWI) (*b* = 800 seconds/mm^2^) shows the obvious ring thickening of the stomach wall at the gastric antrum (white arrow) with a significantly clearer anatomic detail, less distortion, less artifacts, better lesion conspicuity, and better overall image quality than the full field-of-view diffusion-weighted image (fFOV-DWI), which is shown in (B).](medi-99-e18616-g006){#F3}

Table [4](#T4){ref-type="table"} shows the interobserver agreement between the 2 observers for the qualitative analysis scores (anatomic detail, distortion, lesion conspicuity, artifacts, and overall image quality) for both *b* values. The interobserver agreement was poor to excellent in rFOV-DWI for anatomic detail, distortion, lesion conspicuity, artifacts, and overall image quality (κ = 0.400--0.891 at *b* = 0 seconds/mm^2^ and κ = 0.541--0.745 at *b* = 800 seconds/mm^2^). Furthermore, there was fair to good agreement in fFOV-DWI for the 5 aspects of image quality (κ = 0.442--0.800 at *b* = 0 seconds/mm^2^ and κ = 0.527--0.713 at *b* = 800 s/mm^2^).

###### 

Interobserver agreement of the qualitative analysis scores.
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4.2. Quantitative analysis
--------------------------

The mean tumor ADC values of rFOV-DWI were significantly lower than those of fFOV-DWI (1.237 ± 0.228 × 10^--3^ mm^2^/second vs 1.683 ± 0.322 × 10^--3^ mm^2^/second, *P* \< .001)

5. Discussion
=============

In general, our preliminary study indicated that rFOV-DWI yielded significantly better image quality regarding anatomic detail, distortion, lesion conspicuity, artifacts and overall image quality than fFOV-DWI, especially at *b* = 800 seconds/mm^2^ for gastric cancer, and the result is consistent with those in previous reports.^\[[@R5],[@R14],[@R24]\]^ Moreover, according to previous literature, rFOV-DWI has been applied to various organs and tissues and has achieved high-resolution imaging with a dramatic reduction of susceptibility artifacts.^\[[@R14],[@R19],[@R25]\]^ Due to the small and narrow shape of the rFOV-DWI scans, some studies have suggested that the pancreas and spinal cord are very suitable for imaging because of their slender anatomic shape.^\[[@R19],[@R26]\]^ Other studies have suggested that the thyroid gland, prostate, and uterus, which are small organs near the air-tissue boundary, are also well-suited for rFOV-DWI imaging.^\[[@R20],[@R22],[@R27]\]^ We speculated that the stomach might also be a good target organ because of its anatomic position, which is easily affected by air and motion, especially in the fFOV-DWI scans. Our study is the first study to demonstrate the feasibility of using the rFOV-DWI technique to enhance image quality in scans of individuals with gastric cancer, which may have considerable clinical value in the evaluation of gastric cancer. However, additional studies repeating these methods are still warranted.

The stomach is a hollow moving organ filled with liquid and gas. Movement of the stomach or another intestinal tract and gas may exacerbate artifacts leading to image distortion and ghosting. In addition, concerning the fFOV-DWI sequence, due to the slow traversal via the k-space line and narrow bandwidth along the phase encoding direction, susceptibility artifacts, distortion, and blurring are inevitable.^\[[@R10]\]^ However, the rFOV-DWI sequence accelerates the traversal and reduces the number of k-space lines by using the 2D echo-planar RF pulse with a shortened readout, which can observably reduce artifacts, distortion and blurring to improve the image quality.^\[[@R6],[@R28]\]^ Additionally, rFOV-DWI scans with a higher resolution and fewer artifacts have the advantage of revealing the details of gastric cancer by providing more detailed characteristics, such as necrotic, cystic and bleeding within the lesion.^\[[@R6],[@R10]\]^ Due to the small FOV, the application of rFOV-DWI also reduces the partial volume effect between the tumor and normal tissue, which may result in better lesion conspicuity and anatomic detail, as observed in our study.^\[[@R22],[@R25]\]^ We think this improvement in image quality might help us increase the sensitivity of diagnoses of small gastric cancers at an early stage and may improve the therapeutic assessments performed after neoadjuvant chemotherapy.

Regarding the 3 parts of the stomach, the average scores of the 2 DWI methods at both *b* values in various image quality parameters were different. The image quality of the rFOV-DWI scans in the esophagogastric junction was superior to those in the gastric corpus and antrum region. We speculate that the esophagogastric junction may be relatively static and located roughly in the center of the abdomen. When drinking plenty of water, this region is filled, yielding the highest quality of images. However, the quality of the images of the gastric corpus may depend on the degree to which it is filled with water, tumor size, and tumor position. In addition, the gastric antrum is easily influenced by respiratory movement and intestinal movement from the gastric antrum or an adjacent bowel, leading to poor image quality. Overall, the interobserver agreement between 2 observers was relatively good, and the result was convincing.

As for the ADC measurements, we found a significant difference in the average tumor ADC between rFOV-DWI and fFOV-DWI. The mean tumor ADC values of rFOV-DWI were significantly lower than those of fFOV-DWI, which in accordance with the results of previous reports.^\[[@R14],[@R20],[@R22]\]^ For example, Lu et al^\[[@R20]\]^ and Barentsz et al^\[[@R12]\]^ reported that the ADC values calculated from rFOV-DWI scans were significantly smaller than the corresponding values from fFOV-DWI scans in the thyroid glands and breast, respectively. The difference in the ADC values between two sequences is believed to be due to a reduction in the average partial volume in both the tumor and normal tissue with rFOV-DWI, which results in more accurate ADC values.^\[[@R22]\]^ Moreover, the ADC values from the rFOV-DWI scans may be more precise for evaluating gastric cancer. Other studies found different results.^\[[@R6],[@R19],[@R22]\]^ For instance, Peng et al^\[[@R6]\]^ and Kim et al^\[[@R19]\]^ discovered that there was no significant difference between the average ADC values of both DWI sequences in rectal carcinoma and pancreas, respectively. Numerous factors may influence the ADC values, such as the magnetic field strength, *b* values, and use of sequence protocols. Furthermore, a reduction in the number of phase encoding steps and the signal-to-noise ratio (SNR) can also lower the ADC values,^\[[@R28],[@R29]\]^ which are also limitations of this technique. Further evaluations of the ADC measurements from the rFOV-DWI scans are needed.

Our study has several limitations. First, this was a single-center retrospective study, so selection bias may be present. Moreover, the number of patients was relatively small, especially in the analyses of different subgroups based on the tumor location. Future studies with a larger population are warranted to confirm our results. In addition, only 2 *b* values (0 and 800 seconds/mm^2^) were used in our study; theoretically, it would be better to measure the value of ADC with multiple *b* values. Moreover, the rFOV-DWI scans could not cover the entire abdomen, so the detection of lymph nodes or additional gastric metastatic disease indicators is limited, and rFOV-DWI needs to be combined with other sequences. Finally, the ROI drawings were based on the largest plane and may not reflect the entire tumor, which may affect the assessment of the ADC measurements.

6. Conclusion
=============

In conclusion, our study showed that rFOV-DWI yielded significantly better image quality regarding anatomic detail, distortion, lesion conspicuity, artifacts, and overall image quality than fFOV-DWI did. Additionally, the quality of the images obtained by rFOV-DWI in the esophagogastric junction was superior to the quality of the images obtained in the gastric corpus and antrum region. The mean tumor ADC values obtained by rFOV-DWI were significantly lower than those obtained by fFOV-DWI, which may be of value in the clinic.
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